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Distributions of the macroscopic absorption cross section and the infinite multiplication factor along fuel elements are computed from the gamma dose rate distribution.
The limited usefulness of the shim rod fuel section is discussed in the last section.
EXPERIMENTAL SETUP
To measure the fission product activity along ,a tuel element without distortion and with a good resolution, two small graphite ionization chambers were built.· These chambers were calibrated against a Victoreen model 131 integrating ionization chamber.
Their geometrical characteristics and sensitivities are given in Table 1 . Figure 1 shows that, with these small chambers, distortion of the dose rate distribution is negligible. Curve 1 was measured with an ionization chamber 1 in. in diameter and 2.5 in·. long. Curves '2 and 3 were measured with GICL and GICS respectively. The fuel element used was OR-121, whose irradiation history is given il'] Table 2. These curves show that, in order to measure the fission product distribution in a fuel element, it is absolutely The fission product activity was measured for the following elements: OR-158, OR-159, OR-150, and OR-121. Table 2 summarizes the irradiation hi story of these elements. The cooling time give~ in Table 2 is the elapsed time between the end of a given irradiation and the measurement. The U235 c;onsumption. is_ obtained from the· reactor power, the irradiation'time, ~nd the reactor position ·factor.
. The normalized fission product distributions for these four elements are shown in Figs.
2-5.
These di stri buti on curves are normalized by dividing all the measured· values along the inverted. ORR fuel elements ore bui It with identical end boxes at the top and bottom. Thus, it is possible to insert them in the core with either end as the top. Fuel clements should, if possible, be inverted from one irradiation to the other. This not only prolongs their life (thi~ effect is not very. important,. however, being smaller than 5%) but also helps keep the maximum flux as close as possible to the reactor horizontal center plane (which is important in getting as great a flux as possible in the experimental facilities). Fission product distribution measurements can be used to check the correctness of the calculated values for U 235 consumption. The value of the .integral over the distribution curve is proportional to the total amount of fission products acc.umulated in the fuel element. This is, in turn, proportional to the total amount of U 2 35 consumed. Table 3 shows the value of these integrals over the normalized distributions; the third column contains the value in the second column multiplied by the inverse normalization factor. It is interesting to notice that the values of the integrals over the normalized distributions ore, for the elements measured up to now and within the experimental errors, independent of the number of irradiations given to the element and of the core location where·these irradiations took place. This means that the shape of the U 23 5 consumption distribution along a given element is independent of the initial U23 5 concentration or, in other words, that the thermal flux distribution is always inversely proportional to the U23 5 concentration. This interesting effect should be examined with care, because i! is suspected that it will not hold if the irradiation is mode in the vicinity of a moving absorber, that is, a control rod. Further investigations should clear this point.
It is now possible to check whether the U23 5 consumption calculated in the conventional manner Table 2 , and could ·certainly be made quite accurate. Calibration couid be done by meas~ring the neutron flux in a given new element at ·the beginning ·~nd at the ~nd of an irrad.iation· in order to compute.accurately the amount of U 235 burned. Then gamma activity measurements at different times after the end of irradiation will give the relation between grams of U 235 burned and gamma activity as a function
The main advantage of this method is that, knowing· the distribution of U 2 3 5 and· fission products in the fuel element, it is possible to compute the variation .of the infinite multiplication factor and the macroscopic absorption cross section along the element.
The knowledge of these quantities can be v~ry helpful. if some flux , deformation (flattening or pushing the flux toward an experiment) is to be done. Figure 6 shows the variation of the infinite multiplication factor and the macroscopic absorption cross section along fuel element OR-121. 3, 726-46 {1958). 
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.} These curves were obtained by the following calculation. The key for the symbols used here is given in the "Nomenclature."
The fission product distribution is described by the following equation:2
(1) By using Eq. ( 1) and the meas.ured fission product activity, and taking advantage of .the fact that .the integral of the normalized fission product activity distribution is a constant regardless of initial and irradiation conditions, the value of ¢(z)t can be calculated as a function of the position along a fuel element. Knowing ¢(z)t it is possible to compute I, (z} and k 00 (z) ·from the following relaa .
tions: 
MEASUREMENT OF THE FISSION PRODUCT DISTRIBUTION ALONG SHIM RODS
The fission product activity was measured along two shim rods, OR-2-S and OR-6-S, by the same method that was described in the preceding section.
The results were found to be almost the same for the two shim rods, so only rod OR-2-S . will be discussed here.
Shim rod OR-2-S was in the reactor in posit ion 0-6 from November 4, 1958, to February 23, 1959, and in B-6 from February 28, 1959, to June 16, 1959. The total amount of U 235 burned, as computed in the conventional way, was 85 g. The fission product distribution measured is plotted in Fig. 7 . Most of the fission products are accumulated in the upper half of the rod. This is due to the fact that this section is always in the reactor, whereas the lower section is out of the reactor at the beginning of an irradiation cycle cind slowly moves inward during the cycle.
Using the same methods as described earlier (see preceding section), it is now possible to obtain the variation of the macroscopic absorption and the infinite multiplication along the shim rod. a: In order to obtain an idea of what maximum total burnup should be allowed in the fuel section of ORR shim rods, the U 235 concentration, the macroscopic absorption cross section, and the infinite multiplication were calculat~d as functions of total burnup. These quantities ore plotted against position along the fuel section in Figs. 9-11.
It can be seen.from these results that the shim rods ore kept in operation beyond such a high burnup that their fuel sections ore almost completely_ depleted, thus adding nothing to the control capacity.
At the same time the absorption cross sect ion w iII decrease, as can be seen in produce hot spots in the adjacent elements. Operating experience shows that the reactor is sti II behaving well under these conditions. This means that if the shim rods are not to be· changed every two or three cycles they could stay in the reactor for a very long period of time. The fuel section of the control rods could be used as a long-time irradiation facility to study the-behavior of different kinds of fuel.
The most convenient solution consists, certainly, in replacing the fuel section with an aluminum section.
Aluminum, having a lower absorption cross section and a lower slowing-down power than water, wi II add to the control capacity and at the same time help to reduce flux peaking. The other advantage of the aluminum follower is that the control worth of the shim rods will stay constant. 
